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(57) Ah expansion tool (100) for radially expanding 
a tubular deployed in a subterranean well by moving the 
expansion tool (100) axiatty through the well. The ex- 
pansion tool (1 00) has a cone (1 02) which has wear fac- 



es (1 28) attached thereto for contacting the interior sur- 
face of the pipe, tube, or screen during expansion . In an 
embodiment, the cone is a variable: diameter cone. In 
an embodiment the cone has a controlled egress seal 

thereon; ..: - ; • . 
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iab)e diameter expansion tool is provided haying a var- 
iable diameter cone, which expand, and contracts 
based on input from one or more sensors. The sensors 
can measure parameters in the wellbore, such as con- 
tact pressure between the tubular and the cone. 
[0014] In another aspect of. the invention, an appara- 
tus and method for expanding a length of screen assem- 
bly jn a subterranean welibore is provided. 
[00/1 5] Particular preferred embodiments of the inven- 
tion wilt now be described in greater detail . 
[001 6] According to one aspect of there is provided 
an n expansion cone apparatus for use In expanding a 
tubular in a subterranean well comprising: a cone body; 
and at least one wear face attached to the cone body. 
[0017] According to another aspect of the invention 
thereJs provided a method of downhole tubular expan- 
sion comprising of trie steps of: position an expansion 
cone in a tubular positioned in a subterranean wellbore, 
the expansion cone having a cone body and at least one 
wear face atritched to the cone body; expanding the ex- 
panslon corie; and moving the expanded cone axially 
along the tubular thereby radiaily expanding the tubular. 
[0018] The above method and apparatus may advan- 
tageously include one or more of the following features. 
[001 9] The cone body is p referabry a ductile metal, 
such as 4140 steel. Preferably the or each wear face is 
tungsten carbide: Desirably trie or each wear face Is rrie^ 
chanicaJly or chemtealiy bonded to the cone body. 
[0020] In an embodiment, the cone body having at 
least one niche therein for receiving the at least one 
wear face. 

[0021] The or each wear face may comprise at least 
one rmg. Tne or each ring may comprise a plurality of 
wear face^egrnente attached to one another by connect 

p>022] In an embodiment, the cone body has expan- 
sion slots therein. 

[0023] In an embodiment, the or each: wear face is 
f loatingly attached to the cone body. 
[0024] In an embodiment, the cone has an automati- 
cally variable diameter, and there is provided at least 
one sensor for detecting wellbore parameters operabry 
: connected to the variable diameter cone body whereby 
the cone body diameter automatically varies based on 
the detected parameters. 

[0025] In an embodiment, the cone body having an 
exterior su rface v a controlled egress seal on the exterior 
surface of the cone body for. sealing contact with the tu- 
bular. 

In ari embodiment, the cone body has at feast on pivotal 
Joint assembly. 

[0026] According to another aspect of the Invention 
there is provided an expansion tool for use in expanding 
a tubular in a subterranean wellhore comprising:, an au- 
tomatically variable diameter expansion cone; and at 
least one sensor for detecting parameters within the 
wellbore^ the at least one sensor operably connected to 
the variable diameter expansion cone, the diameter of 



the expansion cone automatically varying based on the 
detected parameters. 
[0027] In an embodiment, ttie expansion tool further ■ 
comprises at least one dilator operably connected to the 
5 expansion cone for expanding and contracting the ex- 
pansion corie. 

In an embodiment, the expansion cone has an interior 
surface, the at least one dilator connected to the Interior 
surface: the or each dilator may be operable within a 
id preselected range of expansia n fb rce. 

[0028] In an embbdirnent, the or each sensor Includes 
a contact stress sensor.. 

[0029] In an embodiment; the or each dilator is an 
dectromechahicai dilator 
is [0030] In an embodiment, the expansion cone has ex- 
pansion stats therein. 

[0031] Inan embodiment, the expansion tool further 
comprises at least one wear face attached to the expan- 
sion cone; 

2°' [0032] In an embodiment, the expansion tool further 
comprises a controlled egress seal on the expansion 
cone for sealing contact wimttie: tubular^ 
[0033] In an embodiment, the expansion topi further 
comprising at least one pivotal joint assembly. 

25 [0034] According to another aspect of the irryentiori 
there is provided a method of downhole tubular expan- 
sion, the tubular disposed In a wellbore of a subterrane- 
an well, comprising of the steps of: positioning an airto- 
maucally variable diameter expansion cone in the tubu- 

36 Ian e3q>ai^r^ the cbne to a selected diameter; advanc- 
ing the cone along the tubular, thereby radiaily expand- 
ing the tubular, and automatically varying the diameter 
= of the cone as the cone is advanced along the tubular. 
[0035] In an embodiment, the; method fu rther cpm- 

: 2s- jsrisesth© 

bore; and varying the diameter of the cone based on the 
detected parameters; 

[0036] In an ernbodiment; the expansion cone in- 
dudesat least onedilator for controlling the diameter of 

40 the corie. The or each dilator may be operable within a 
; preselected range of expansion force. 
[0037] In an embodiment, the step of detecting in- 
dud^ qetecting the contact stress of the cone. 
[0038j The expansion cone may have at least: one 

45 wear face. The expansion cone may have a controlled 
egress seal on the expansion cone lor sealing contact 
with the tubular. The expansion cone may have at least 
one ph/otal joint assembly : 

[0039] AccorpSng to another aspect ol the invention 
so there is provided an expansion cone apparatus for use 
In expanding a tubular in a subterranean well compris- 
Irig: a cone body having an exterior surface; and a cbn> 
trolled egress seal on the exterior surface of the cone 
body for sealing contact with the tubular. 
55 Preferal^ egress seal is a labyrinth ine 

seaji^ More preferably of stain- 

less steel. 

[0040] The! controlled egress seal is preferably de- 
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oe -Joi © SBq Apoq auoo ©14 'luauapoquia ub uf fettJOl 

JBjnq 

-ru©qi6uoreA|iB}XB paAOUi si jj s© snjHJBdcre auoo uojs 
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B-sf |B3S ssajfi© paijoijuoo aqj 'Ajqeuaiajd IstrQOl 

jrejnqhj 
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terior surface of the cone body. ■ 

[0065] Reference is. now; made to the accompanying 

drawings In which: 

FIGU RE 1 is a side elevationa) view of an embodi- 
ment of a variable diameter expansion tool ) with 
Hardened wear faces, according to the invention; 
FIGU RE .2 is an elevation a! partial cross -sectional; 
view of another embodiment of an expansion tool 
according to the invention; 
FIGURE 3 Is a partial elevationai view of another 
embodiment of a tool according to the Invention ; 
FIGU RE 4 is an eievationai view of another embod- 
iment of a tool according to the invention • 
FIGURE 5 is a cross-sectional view of a wellbore 
have an embodiment of a tool according to the in- 
vention, disposed therein. 

FIGURE 6 is a cross-sectional view of a wellbore 
having an embodiment of an expansion tool assem- 
bly according to the invention disposed therein; 
FIGURE 7 is a cross-sectional view of a wellbore 
having an embodment of an expansion tool assem- 
bly according to the invention disposed therein; and 
FIGURE 8 is a partial cross-section of another em- 
bodiment of a tool according to the invention. 

JQ066J The present invention wiD be described by ref- 
erence to drawings showing one or more examples of 
how the inventions can be made and used. In these 
drawings, reference characters are used throughout the 
several views toindicate like or corresponding parts. In 
the description which follows; like or corresponding 
parts are markedthroughoutthe specification and draw- 
ings with the same reference numerals, respectively. 
* Toe drawings are not necessarily id scale arc tne pro- 
portions of certain parts have been exaggerated to bet- 
ter illustrate details and features of the invention; In the 
following description, the terms "uppers "upward,* ■iow- 
er," B be)pw,*' "downhoie," M \on^bidtn^\y, a and he like, 
as used herein, shall mean in relation to the bottom or 
furthest extent of , the surrounding wellbore even though 
the wellbore or portions of it may be deviated or hori- 
zontal. Gbn-espqndirigly, the "transverse" orientation 
shall mean to drientatlori perpendicular to the longftudi- 
nai orientation . The term •sand-controf used herein 
means the exclusion of particles larger in cross section 
than a chosen size, whether sand, gravel- mineral; soil, 
organic matter/ or a combination thereof . As used here- 
in, "real-time" means less than an operationally signifi- 
cant delay but not necessarily; simultaneously. 
[0067] Apparatus and methods for constructing 
deploying screen jackets are used In conjunction with 
the inventions, but are hot critical thereto. Exemplary 
sand-control screens and methods of their deployment 
in a well are disclosed in United States Patent Numbers 
6,931,232 and 5,850,875, and Application Serial 
Number 09/627,196. 

[0068] Conventionally, a borehole is drilled into the 



earth intersecting a production zone. A well casing is 
typically installed in the borehole. A radially expandable 
screen jacket assembly may be inserted in to the portion 
(s).ot the borehole adjacent the production zone3. The 
5 connection between the casing and the radially expand- 
able screen jacket assembly may be made in the con- 
ventional manner. The wall of the wellbore is substanr 
tiaify cylindrical forming a substantially annular space, 
but typically has irregularities more or less randomly dis- 
10 Iributed throughout its length. 

[00593 Geheraliy, with the unexpanded screen jacket 
assembly inserted into the desired location of the well- 
bore in the cbnveritbhal manner, an expansion tool is 
moved longitudinally through the screen jacket assem- 
15 bly causing it to radially expand to a larger diameter to 
substantially fill the annular space making contact with 
the wellbore wall; The particulars of the apparatus and 
methods are further set forth in the following description. 
[0070] A flexible expansion tool for use to expand tu- 
2t> bulars in a subterranean well is described with reference 
primar8y to Rgure 1 . the tool 100 has a cone 1 02 pref- 
erab Jy made of 41 40 steel, although other strong, ductife 
metallic or composite materials may be used. The cone 
. 102 has expansion slots 104 arranged to facilitate radial 
25 fiexbiiay. The expansion ; slots 1 04 are preferably ar- 
ranged in a symmetricai pattern as shown in Figure 1 , 
but may bo shaped differently or arranged "asymmetri- 
cally. TTie cone 1 02 preferably has a forward portion 1 06 
substantially cylindncai in shape. The forward ponton 
106 preferably has a raised section 108, preferably near 
its f orwardmost end 110. An aft portion 11 Z of the cone 
102 is also typically substantially cyfindrical in shape 
and larger in overall diameter than the raised section 
1 08 of the forward portion 1 06. The aft portion i 1 2 also 
preferafery has a raisari section 11 4i-typfcal|y near it£af£- - 
most end 116. Between the forward portion 106 and aft 
portion 112; a mid portion 1 20 is disposed. The mid por- 
tion 1 20 typically graduates from a tirst cylindrical por- 
tion 1 22, of the same outside diameter as trie raised sec- 
40 Hon 108 cf the forward portion 108, to a frustum-shaped 
section 124, to a second cylindrical portion 126. of the 
same outside diameter as the raised section 114 of the 
aft portion 112. The exact configuration of the cone: 1 02 
Is not brucfal to the concept of the invention as long as 
45 the cone 102 Is shaped In such a way as to forcibty 
cause a tubular to expand as the cone 102 is forcibly 
moved through the tubular. 

[0071] Further reterring primarily to Figure 1^ hard- 
ened wear faces 128.are pfeferabV attached to the .ex* 

5° terior of cone 1 02. Preferably the wear faces 1 28 coyer 
the outer periphery of the mid portion 120 of the cone, 
and the raised sections fore 1 08 and aft 1 14 The wear 
faces 1 28 are preferably made from tool steel, D-2 steel, 
molybdenum disulphide, or tungsten carbide, although 

55 other hard, wear-resistant metals or composites may be 
used; The wear faces 128 are preferably laser welded 
to the underlying surface 1 30 of the ccne 1 02. The wear 
faces may also be attached to the cone su rface by other 



5 



9 



ojasubdsaj 9WTi-\eai ui AjqBJaiejd 'jjriojp jojjubbiam : 
ojsuoipnqsui ajBjauaB pjpasn aq Abuj 'jinaip ijjoAqsu 
rajnau jo ^npjb sisajbub jaiaABM ^|nojp SuissaopJd 
fBuBis e 'ejdujBxa ioj ^QV euoo am p uojsuBd 55 
-xpjp aajBapaui erejnfiaj; AHBoireujoyiB 01 pasn aq ubo 
aoBjjns aqi ulioj; sibuBis . jo/pub OGS sjosuas aujj iuojj 
paujBjqo sjBufijs oiubjpaiaoqi 'jjnajp jojjuoo ai& jo/pub 
3inpjp;6u|ssappjd am 0} suoporuisui paujurej6ojq%ajd 
BiipiAoid Ag •papBjjuoo jo pepuadxa aq ubo ZQ 1 auoo 09 
amiP ia^euiBip aifl 'epjoj jbipbj siir Bu]XB|aj jo BuisBajp 
-ui Ag "20 1 auoo am i|6ncuqi Aj|eipBi Bujpuapca aojoj 
a iiaxa oi pasn « 2t2 jojeiip aqj 'uo.QBJado u| feipfll 
GO t jduam aifl uftniw AjqBjajajd *zq\ auoo am: 
U,J|M PBJUOO JBOJUBMOaUl Uj SJ 212 jo^iip auj; /jjnojp JOJJ 

-uoo am oj papauuoo Ajpsojipaia ujru uj sr 'reoiuBipeui 
rOi^aia A|gaia jajd z yz JojBlip v 'ifnaip Jossaoojd am 
bl pajoouuoo AjjBoupaja 1 s| Jihajjo joi^ubo v *|obi eiajo 
\oj\uqo ovBui^aj apeijns aq; iuoj} sjbuSis aAraoaj oj jo 
aoBjjns eift ye TjbjBJado ub oj i pa^BiauaB are Aau, j sb sreu 
-61s pUas ovpasn si jjnpjp jaAiaosuBj; am pus jjnojp jos 
^saooid aqi utojj sfBufits eiBp ajops oj pasn sj ^rpup Ajo 
nuaiu ojuojjoaia ub 'AiqBiapJd "Jjnojp jaAiaosuBJj a jo 
: /pua y noip Ajaiiiouj 6 j u qjioojo ub lrim paiEpoese A||Bo 
-ujoajaeq Abiu stnaip jos^aodjd aiii o«sv p923l&ioads -ar 
ojouj b aq psre Abui 1 &reiu open paja^siBaj) iaxNi JO 
C>|jbui epBjr paja^ 

: asouj SB ipns jossaoojdoibiui asodindbjinuj atqapAB 
Xifapjauiuioo b Ajqajajajd sj ijnojp jossaoojd auj. *sreu 
^isjosuasDUjssapojdjo^ooSSJOsuasaMjpjpajpeuuoo be 
AiiBowoafa s| jmojio jossaoojd v "JB|nqnj papuBcbco auj 
; 10 jaiauiBtp am Bujdcteuj jo subouj b 6uipiAojd Aqajaift 
'ajoqjjaM aia IBuore luiod ua/uB Aub jb jaipuBUJ am p 
jeiauiBip ein ainsBaui osjb Abui qo2 sjosuos -pajfsap 
sb sjajaiUEJBd jauio Aub dub J a>|{) aifl pua ajnjBjadiuaj & 
'ajnssajd apijUMop 'acuoj; repcs 'saojoj uoissaidujoo 
pub uoisuBdxa 'ssajis pajuoo ajrisBauj Abuj sjosuas 
aMLL •sreu6;s ojuojpaja ajoui jo auo 03 sjajaujBJBd |Bo 
-isAgd auj BuiuaAudd pub 'jbi nqni &m |o uoisuadxa [Bip 
-bj 91 auBUJjaS suaiaujBj^d iBOisAqd ajoiu io aup.Buftoai oz 

Jpi'021 uoi^ 
'002 sjosuas aioui jo auo saq 201 ouoo ja^aureip a{q 
•buba &Ln l p at nBy o; A|UBUJud abuajaiaj q^jvy fszool 
^ssaos ;ob)uqo up pdsaq auoo: 
aq; io ja^LUBip aqj tojjupa Abuj jojbjjp aqj 'u<HlBjado ,g± 
U| 'paAaiujOB sj ssaijs jcr^uoo ajoqjjaM ainajfuiai os 
aojo^ uo;suBdxa jp aBuBJ papa{asajd b uiioim aiBiado oj 
paufiisap aq Abuj JoiBjip auj. • auoo aui uo suo|ibo6| snoj 
-jba jb paAojduja aq Abuj sjcijBDp aidjiin^i '2oV ©MOO aqj 
jp aoBjjns: eoi Jopaiuj aqi o; paiunouj Ajcrejojajd ■ *z \Z bi 
joianp BiA paMSjidUJoooB sj uoisuBdxa a|qfiUB/\ LtZOOl 
002 sjpsuas Aq pajnsBatu 
sa suoijgjuoo jpM uo pasBq 'jajaujBip umo sg sa]Bin5aj:: 
00 1 fdPJ uofsuadxa aui jbui gpns 'panoiiuoo AipBoijBUjoi 
vna aq Abuj jajaujBip ui suopBireA auj. qi jibm ajoqjfaM 5 
om puB 00t^ JFIiW papuadxa auj ueaMjaq 22 sdsB jo 
sjaipod Aub 1 Bupni>ajio 6ujjBuiui||a Aqaiaui'opt' uaaaos- 
sb ijons ' jejn qrq & puadxa A|aid|duioo bjouj bVJBiaujBtp 
sj| afijBjus oj jp ViamBy m umous sb 'ja^auiBip ja{reujs 



b BujABq aJoqj(a« aqii'p saaJB qSnoJuvaJAnaoUBUJ Ajinj 
tssaoahs 01 jaiaujBJp aonpaj oj jajpuBUi am mo]|b cq 
jaiauJBjp aiqapBA AiaAfpajasB BuiABq 4 si jsqi 'aiqapuBd 
-xa AiqauBA aq Abuj oof- [opj upisuedxa auj. [9Z0Q] 
'S308J jaaM qiiM pauij ajB 
jBjnqnjaiH m|M ipBiupo ui auiooiBUUOoj aijuo saoBjjns 
9'ia IBUj pei ayii Aq paziiaaj ojb A|iAa6uo{ poi pua uog 
-bui paonpai u{ soBbjubapb jauunj iubjjbm suonipuoo 
SB; SugauBdxa jo BuijOBJiupo ajKjijpBj a\ A|i|iqpcau {BipBJ 
10 saBBiUBApB eujsBU, 00 1 \oo\ em • qiBuei pajisap Aub 
J°ipOfc;JB|nqnj aqj p uoisuBdxa |BipBJ aqj Buisnao 'ajoq 
rdri Jo ajouuMbp luaiuaAput mohb bj pajuauo aq Abuj 
po J. ippi aiii uiBuai JBjh qrij auj Buo{B sassajBPjd jj sb 
jajnc^u am Burpuadbca V?inojti am fiuofB A|ibixb ooqjoi 
si OOH001 oiii 'jaiaujBip papuadxa ub auinssB Aftuau 
-Bujjad 01 00^ JB|nqm papuadxaun am Bu|shbo A|qp 
• JO| • P^nupuoo st uojsuBdxa auj. -00> Jfinqn? papuadxa 
-un ai& >o top ebBjjns jauuj .a"m I^biuoo b2 I- sapej. jbbm 
am JBm os papuedxa Abbipbj sj 20 1 auooampuB pa^m 
-Pa si 00 tioo^am 'pauoRisodaouo 1uaujAo|dap sjj ajajj 
-Ifoaj o; jajaujBip uj paonpai aq Abui 00 1 }ooj. uoisuadxa 
aiQjxaUaiii *2|. (jbm uj : oo> JBinqm ajqapuadxa om Jo 
joualui ambjuj paonpoiUJj s| poi^ iooj uotslredxa ajqpcajj 
QMXhs ejnBy oiA|u^uj|xd bouajaiaj miM pa^depst uoft 
-uaAu; am BupiJOBJd jo ppmaut pejjajsjd oqx [SZOO] 
Ajba Abuj saoBf jbom am 
p suaauj iuamijOBiiB pua lUaiuaoBid 'jaqumu auj. *82 j. 
soob| JB3M siBJBdas Ao|daia Abuj qoiqM io Upea Q§y 
suojpas leojubo-pjsruj a|di3jnuj sasudujoo 20 1. auoo am 
io p2l uojvpd-pruj: puj. -82 1 sbobj jbom pua go i euoo 
f° i us H i !F 0C ? U13 9 i BUJS) V e : u ? SM0U.S > ajnBy IfrZOdJ 
•ujajau. pequosap siuauj} 
-poquje ©i(j io Aub miM pasn aq abuj iuauja6uBJJB xuauj 
-qoBRB Bupaoi} si.ux ^{qBpip A||B)psj 6uiMO|{B-a]!qM 
3UO ? em °V9ARB|aj uot^sbd uj 82 V saoei jaaM am Mi^J 
-aj 'sj^oq jp sutdiiunsjajunoo A|qBja;ajd 'g^L sjauaisaj 
20 1; ouoo am ur pQ\, sjpia uotsuadxa Buipuodsauoo 
i mjk ufijia pub papjAojd ajB t saoay jaaM am u) 2H 
sajn^adB AiqBjajaja "82 V sbobj jbdm aqj ;p A{iuapuad 
^PM! xaupi 20 1, puoo am^oifB m pauBfsapsj bfrliuauj. 
-qoBjjB6uiJBpu auj. '20 1 euooam pi peuoBUB A|{BOjublp 
>auj jo AjjBOtujoip aq Abuj Anq ^ot auoo am 01 paupBjiB 
AjBuiiBOf^ AiqBjajpjd ojb 82 1 saoaj jbbm auj. *8£J> sjoj 
-oauuoo Aq pajpauupp ge { s^aui6as 10 dn apauj A|bB 
-jaiajd sfiuu jo uup) am ut bjb b21 saoaj JBBMauj. 
'? ^"^H ^ U *°M S sj iJjaujqoBijB jjam puB saoaj jaam 
;o iuauifpoquja aAjjBujaiiB ub 40 aiduiBxa uy teZOQt] 

Bujpuoq iBoju'Eupauj 
jp leoiujaqp sb upns 'suBauj jemo Aq peuoauB aq Abuj 
jjiq 'uoijjsod ui papsam jasEj AiqEjaj^jd bjb 62t sAb}U1 
apB| JB3M auj. OS t-BOBuns jajno auoo amp uoiyod Aire 
jbaojo 'u/Aoqs sb >2i upipaspodBqs-ujrasnj^o uiJ3uat 
am puaixa Abuj 62t sAb^ui pub zzy sauptN 62 1 sab| 
-u j oob; jaa/tt ButAiaoaj jpj 26 1 aiioo ©m ^0 Ajaqduad ja 
-inppm uj paptApjd ajB2c| saupiN *2ajn6yuj uMbqs sj 
20 i-puoo ^pm jp os |. apajjns ja^io am 04 sapBi jbbm am 
jo juauiuoBUB eA|jBUJei|B ub jo ajdurexa aup IZlOOl 
'Burpubq iBoiuBUpatu jo |Bdiiueip sb uons sueotu 



Pi 2V6iS90eid3 



6 



11 



EP 1 306 519 A2 



sensor 200 .signals, 

[0080] Referring to Figure 5, the cone 1 02 may have 
a seal 300. The sear 300 is a controlled-egress seal, 
preferably located at the forward end 110 of the cone 
102. The seal 300 maintains sealing contact with the in- 
ner surface 402 of the tubular 400. The sealing contact 
is not fluid tight, but permits a controlled amount of fluid 
F to pass between the seal 300 and the inner surface 
402 of the tubular 4O0. The seal 300 is preferably a lab- 
yrinth-type seal, whsch permits egress of a relatively 
small amount of. well fluid F throug h the seal. 
[0031] The labYTihth-type seal element 302 is advan- 
tageous in terms of decreased wear over an elastomeric 
seal. The. labyrinth seal 3-2 also provides an advantage 
in directing fluid flow ahead of the tooM 00, reducing the 
quantity of debris D in the wellbore and in annular space 
20. that could otherwise become forced into openings 
404- in the screen assembly 400 upon expansion. The 
seal element 302 is preferably made from stainless steel 
or composite material, but may be from any material 
suitably resistant to corrosion. The seal element 302 is 
typically attached to a seal carrier 304, which is in turn 
mechanically attached to the surface of the cone 1 02 
such as by bolting "or welding. The exact configuration 
of the labyrinth seal 300 b hot critical to the invention. 
The seal may be designed to provide controlled fluid 
flow without physically contacting the tubular Itself. The 
seal location on cone 102 may vary without departing 
from the spirit of the invention. 
[0082] Referring now to Figures 6 and 7, a screen ex- 
pansion apparatus 500 is shown disposed in a wellbore 
502, typically uncased, for expanding screen assembly 
400. The screen expansion apparatus 500 is connected 
to tubing 504 tn the ^nventlonal. manner. Tubing 504 
" can be rolled iubing or ]oih^ jpipe siririg; and whiie the" 
wenbore Is Illustrated in only one manner, it may be ver- 
tical, deviated or horizontal. 

[0083] Screen expander 500 has an upper body 506 
and lower body 508. The upper body 506 is provided 
with anchoring mechanism 510 movable between a re- 
tracted position 512, as shown in Figure. 6, and ; an ex- 
tended position 514, as shown in Figure 7. - Anchoring 
mechanism may be of any type known in the art, such 
as slips, as shown, or a packer, and preferably operates 
from fluid pressure supplied through the tubing string 
504. The anchoring mechanism may include multiple 
devices located at various locations along the length of 
the tool 50CL In the retracted position 51 2, the slips do 
not interfere with movement of the screen expander ap- 
paratus 500 within the wellbore 502 or within the screen 
assembly 400, In the extended position 514, the slips 
engage the screen assembly wall or welibore, thereby 
locking the upper body 506 of the screen expander 500 
in place. Bleeding pressure from the tubing 504 will re- 
lease the anchoring mechanism 510, as the anchoring 
mechanism 51 0 will return to the retracted position 51 2, 
[0084] The upper body 506 further comprises a force 
generator 516. The force generator 516 may be of any 



kind known intrjeart and preferably is a hydraulic ram 
operated using fluid pressure supplied through tubing 
string 504. The force generator 51 6 preferably includes 
a force multiplier 51 8 such as the double-piston assem* 

s bly, as shown . The force multiplier 518 has a primary 
520 and a secondary 522 piston, operable as is known 
m the art The force generator 5 16, or hydraulic ram , is 
operable to extend the lower body 508 of the expansion 
apparatus 500 relative to the upper body 506. 

io [0085] The lower body 508 supports expansion cone 
assembly 524 including mandrel 526 haying a ramp 528 
upon which cone 530 slides. The expansion cone as- 
sembly can be of any type known in the art, indudtag 
the cones heretofore discussed. The expansion cone 

15 assembly 524 shown in Figures 6 and 7 operates on 
fluid pressure as supplied through the tubing 504 T Pres- 
sure, supplied through port 532, drives cone piston 534 
and internal slip 536 to move siidable cone 530 up ramp 
528 of mandrel 526. VWien the cone, is moved from Its 

20 retracted position to its expanded position the cone can 
be used to expand the screen assembly 400 as the low- 
er body 508 of the screen expansion apparatus 500 Is 
extended. 

[0086] In operation, the screen expansion device 500 

25 is lowered Into the wellbore 502 to a desired depth ad- 
jacent an unexpanded screen assembly 400. During the 
ru n-in procedure, the anchoring mechanism 51 0 and ex- 
pansion cone 530 are in their retracted positions 51 2 
arid 538, respectively. The expansion cone 530 is 

30 rrioved to the expanded position 540 wherein the cone 
530 contacts the screen assembly 400 thereby expand- 
ing the screen.The cone 530 is moved to its expanded 
state 540 by providing fluid pressure, via the tubing 
string 504, through ports 532 to drive cone piston 534 

a* • wrnch iiYtufn pb^ rarnp 528 of man- " 

dfel 526, Internal slip 536 is operable to maintain the 
cone's position and allow later retraction. Expansion of 
the cone 530 may involve setting the anchoring mech- 
anism 51 0 and stroking the force generator 51 6, thereby 

40 extending lower body 508. : 

[0067] Once the expansion cone assembly 524 is In 
its expanded state, the screen assembly 400 may. be 
radially expanded by the longitudinal advancement of 
the cone through the screen. Hie anchoring mechanism 

<s sip, such as the slips shown, are moved from the re- 
tracted position 512 to the extended position 514 to an- 
chor the upper bopy 506 of the expansion apparatus 500 
in the wellbore 502 or screen assembly 400. The force 
generator 51 6 is "activated, extending the lower body 

50 508 of the expansion apparatus 500 with respect to the 
upper body 506 and forcing the expansion cone 530 lon- 
gitudinally through the screen 400, thereby expanding 
the screen. 

[0088] After the force generator 51 6 is, preferably, ful- 
55 ly extended; the anchoring mechanism 51 0 is retracted, 
by lowering the fluid pressure in the tubing. The cone 
510, in contact with the screen assembly 400, now acts 
to anchor the lower body 508 of the expansion appara- 
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or body, an anchoring mechanism located in the up- 
per body, ah expansion cone assembly located in 
the lower body, and a force generator operable to 
vary the distance between the anchoring mecha- 
nism and the expansion assembly; (2) radially ex- s 
pending the expansion assembly; (3) setting the an- 
choring mechanism; (4) activating the force gener- 
ator to lengthen the distance between the anchoring 
mechanism and the expansion assembly, thereby 
forcing the expansion assembly through the screen., id 
assembly and radially expanding the screen as* 
sembty; (5) retracting the ancho ring mechanism; (6) 
acifcatin g the force generator to : shorten ) the dis- 
tance between the anchoring mechanism and the 
expansion assembly; and (7) repeating steps (3) to 15 
(6) as desired. 

9. An expansion cone apparatus for use in expanding 
tubulars In a subterranean well comprising: an ex- 
pansion cone body having multiple cone sections; & 
and at least one joint assembly prvotaily connecting 

the cone sections. 

10. A method of tubular expansion, the tubular posi- 
Uaned in the wellbore of a subterranean weiK com- 
prising the steps of. position fng an expansion cone 
in the tubular, the expansion cone having ah expan- 
sion cone body, with multiple cone body sections 
and at least one joint assembly plvotally connecting 
the cone sections; expanding the expansion cone; 
and moving ^e expajided corte axially albn 
bular thereby radialfy expanding the tubular. 
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